Soil respiration (Rs), a key process in the terrestrial carbon cycle, is very sensitive 16 to climate change. In this study, we synthesized 54 measurements of annual Rs and 171 17 estimates of Q10 value (the temperature sensitivity of soil respiration) in grasslands across 18 China. We quantitatively analyzed their spatial patterns and controlling factors in five 19 grassland types, including temperate typical steppe, temperate meadow steppe, temperate 20 desert steppe, alpine grassland, and warm-tropical grassland. Results showed that the mean 21 (± SE) annual Rs was 582.0 ± 57.9 g C m −2 yr −1 across Chinese grasslands. Annual Rs 22 significantly differed among grassland types, and positively correlated with mean annual 23 temperature, mean annual precipitation, soil temperature, soil moisture, soil organic carbon 24 content and aboveground biomass, but negatively correlated with soil pH (p < 0.05). Among 25 these factors, mean annual precipitation was the primary factor controlling the variations of 26 annual Rs among grassland types. Based on the overall data across Chinese grasslands, the 27 Q10 values ranged from 1.03 to 8.13, with a mean (± SE) of 2.60 ± 0.08. Moreover, the Q10 28 values varied largely within and among grassland types and soil temperature measurement 29 2 depths. Among grassland types, the highest Q10 derived by soil temperature at the depth of 30 5 cm occurred in alpine grasslands. In addition, the seasonal variation of soil respiration in 31 Chinese grasslands generally cannot be well explained by soil temperature using the van't 32 Hoff equation. Overall, our findings suggest that the combined factors of soil temperature 33 and moisture would better predict soil respiration in arid and semi-arid regions, highlight 34 the importance of precipitation in controlling soil respiration in grasslands, and imply that 35 alpine grasslands in China might release more carbon dioxide to the atmosphere under 36 climate warming.
SR = α × exp(β × T)
(1) 136 where SR is the measured soil respiration rate, T is the measured soil temperature at the 137 given depth, and coefficient α and β are fitted parameters. The Q10 values were calculated 138 as:
140 Several studies measured Rs and its temperature sensitivity at different years, and then these 141 Rs and Q10 values were averaged across years. In this case, only the highest RQ 2 (coefficient 142 of determination for calculating Q10 using Eq. (1)) was extracted if more than one RQ 2 were 143 available in the same study. In addition, the Q10 values were estimated by Rs measured at 144 different plant growth stages, and they were further categorized into three types according 145 to the Rs measurement period, including growing season Q10, non-growing season Q10 and 146 annual Q10. If these three types of Q10 were all available, only the annual Q10 was selected 147 in our database. Within these constraints, 54 measurements of annul Rs rate and 171 148 estimates of Q10 value were obtained from 108 published experimental studies across 149 Chinese grasslands (Table S1 ). Our database contained 14 variables associated with Rs, 150 including annual Rs, growing and non-growing season Rs and their proportions to annual 151 Rs, the proportion of autotrophic and heterotrophic respiration to annual Rs, Q10 values of 152 Rs and their corresponding RQ 2 . Here, the growing season was from May to October, and 153 the non-growing season was from November to April in the next year. The Q10 values were 154 divided into five soil depths with different soil temperature (ST0, soil surface temperature; 155 ST5, soil temperature at 5 cm; ST10, soil temperature at 10 cm; ST15, soil temperature at 156 15 cm; and ST20, soil temperature at 20 cm) for the same site. In one study, the Q10 was 6 160
In most of publications, the Rs, Q10 and its RQ 2 of the model were presented, and they were 161 incorporated into our database directly. The Rs, Q10 and RQ 2 values were recalculated 162 according to the available information if these values were not directly provided in some 163 publications. The growing season, non-growing season and annual Rs were obtained by 164 interpolating measured Rs rate between respective sampling dates for each seasonal 165 measurement period of the year, and then computing the sum to obtain the corresponding 166 values (Frank and Dugas, 2001; Sims and Bradford, 2001) as follows:
where CSR is cumulative soil respiration during the season, Δtk (= tk − tk−1) is the time 169 interval between each field measurement within the season, and Fm,k is the average Rs rate 170 over the interval tk − tk−1. The annual Rs ranged from 122.9 to 2407.1 g C m −2 yr −1 , with the total mean (± SE) of 221 582.0 ± 57.9 g C m −2 yr −1 . There were significant differences in annual Rs between grassland 222 types (p < 0.001), with the highest annual Rs in the warm-tropical grassland and the lowest 
Distributions of Q10 values and its coefficient of determination 244
Most of the Q10 values (83.0%) were distributed between 1.5 and 3.8. However, the 245 distributions of Q10 values derived by the five soil depths were different ( Fig. 3a-e ). The 246 largest relative frequency for Q10-ST5 and Q10-ST10 values was within the range of 1.5 to 3.0 247 (68.5%) and 1.5 to 3.5 (83.1%), respectively, while that of Q10-ST0 was mainly within 1.0-248 2.0 (88.2%, Fig. 3 ). In addition, the distribution of Q10-ST15 and Q10-ST20 were relatively 249 uniform ( Fig. 3d and e ).
251
Similarly, the distributions of RQ 2 for Q10 derived by the five soil depths also differed from 252 each other ( Fig. 3f-g) . The RQ 2 values for Q10-ST5 and Q10-ST10 were mainly distributed in 253 0.6-0.9 and 0.5-0.7, respectively, while those for Q10-ST15 and Q10-ST20 were mainly 254 9 distributed in 0.3-0.6. The RQ 2 value for Q10-ST0 was distributed uniformly (Fig. 3f 15 cm depth (p > 0.05; Fig. 4 ). Generally, the overall Q10 and paired Q10 increased with soil 264 temperature measurement depth ( Fig. 4; Fig. S3 ). In terms of grassland types, there were 265 significant differences for Q10 derived by ST5 and ST10 among grassland types, respectively 266 (p < 0.05, Fig. 4b and c). For Q10 derived by ST5, it was highest in alpine grassland, while 267 for Q10 derived by ST10, the highest value was in warm-tropical grassland. In addition, Q10 268 values derived by ST0, ST15 and ST20 were not enough to meet the demand of statistical 269 analysis, so their differences among grassland types were not examined. (Table S4) . In arid and semi-arid ecosystems, such as grassland and desert, MAP might play a key role 284 in controlling carbon cycling. Our results also suggested that MAP had significant controls 285 on mean annual Rs among various grassland types in China (p < 0.01, Fig S4) . The 286 significant difference in mean annual Rs might be mainly attributed to the differences in 287 AGB, BGB and microbial activity induced by precipitation across various grassland types.
288
Previous studies suggested that grasslands with higher MBC had larger heterotrophic 289 respiration (Colman and Schimel, 2013; Ding et al., 2016) . Meanwhile, a regional study 290 demonstrated that microbial biomass increased with MAP in grasslands (Chen et al., 2016b), 291 which was also found in this study (Table S3) influence Rs across Chinese grasslands at regional scale should be further studied. this study (p < 0.10, Fig. S5 ). Therefore, given the significant correlation between AGB and 335 Rs in Chinese grasslands (Fig. 2 In terms of grassland types, the highest Q10-ST5 was in the alpine grassland and the lowest in 372 the temperate desert steppe and typical steppe (Fig. 4) . This difference could be associated 373 with soil properties and climatic conditions. For example, it is well known that the alpine 374 grasslands are usually distributed in high altitude regions (above 3000 m), where the climate 375 is relatively colder and SOC is relatively higher than the other grassland types (Table S2) . which was inconsistent with previous results at global and regional scales (Chen and Tian, 386 2005; Peng at al., 2009; Wang et al., 2010; Song et al., 2014; Xu et al., 2015) . However, we 387 found that Q10 derived by soil temperature at the depth of 5 and 10 cm decreased closely 388 with increasing soil temperature, partly supporting the idea that Q10 tends to be higher in regulating rhizosphere priming effect (see Wang et al., 2010) . In this study, the dataset The annual Rs varied largely within and among the grassland types across China (Table 1) , 423 with the mean value of 582.0 g C m −2 yr −1 , which was much lower than those in global 424 terrestrial ecosystems and in Chinese forests (Table 2) . For these results, the main biomes 425 in their dataset were forests, which had relatively high precipitation and net primary 426 productivity , leading to relatively higher Rs than grasslands (Table S2 ).
427
Compared with global grasslands, our result was much lower or higher than the results 428 obtained from Chen et al. (2010b Chen et al. ( , 2014 and Wang and Fang (2009) with the inter-annual variations in annual precipitation and mean temperature (Peng et al., 469 2014; Wang et al., 2016) . Therefore, the inter-annual variation of Rs would impact the 470 accuracy of the results. Additionally, three methods including static closed chamber, 471 dynamic closed chamber, and alkali absorption were widely applied to measure Rs in the 472 16 selected experiments, and previous studies have suggested that measurement methods 473 affected the results of Rs rate and Q10 value (Bekku et al., 1997; Yim et al., 2002; Peng et 474 al., 2009) . However, in this study, there were generally no significant differences for Rs,
475
Q10-ST5 and Q10-ST10 among the three measurement methods (Fig. S7) . Given that only one 476 sample of annual Rs was measured by alkali absorption, the effects of measurement methods 477 on Rs could be neglected. Therefore, including data measured by the alkali absorption influence autotrophic and heterotrophic respiration, thus the Q10 of Rs. Our results showed 484 that measurement period did not significantly affect Q10-ST10, but significantly affected Q10-485 ST5 (Fig. S7 ). In terms of Q10-ST5, the significant differences between annual Q10 and non-486 growing season Q10 across all sites was mainly caused by alpine grasslands, in which annual 487 Q10 was much higher than non-growing season Q10 (Fig. S7) 
